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We examine how a scenario of coexisting two-particle dark mater can be realized in the extended 
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seesaw model, which we have proposed previously to accommodate small neutrino masses and low 
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scale leptogenesis with an introduction of singlet Majorana neutrino S and singlet scalar 0. We now 
impose the discrete symmetry Zi x Z'^ and introduce new renormalizable interaction terms with a 



— new heavy singlet scalar particle <£ so as for previously introduced S and eft to be doubly coexisting 

q. dark matter candidates. Depending on the mass spectrum of the two dark matter candidates, 

d : 

the annihilation process either SS — ► <p<f> or (fxp — ► SS is of particular interest because the 



annihilation cross sections for the processes can be so large that the relic abundance of decaying 
particle should get lowered, which in turn makes the constraints on its parameter space relaxed, 



00 

compared with the case of one and only one dark matter candidate. We discuss the implications 



of the dark matter detection through the scattering off the nucleus of the detecting material on 
our scenarios for dark matter candidates. We also study the implications for the search of invisible 
Higgs decay at LHC, which may serve as a probe of our scenario for dark matter. 
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I. INTRODUCTION 

To identify the nature of dark matter remains an open question in particle physics and 
cosmology. The amount of cold dark matter in the Universe, which has been determined 
precisely from 5 year WMAP data [if, is given by CDM /i 2 = 0.1099 ± 0.0062. None of the 
SM particles can be a good candidate for the dark matter, so that the existence of the dark 
matter itself points to new physics beyond the Standard Model (SM). It has been argued 
that weakly interacting massive particles (WIMPs) are promising dark matter candidates 
among various proposals in the literature [2|, y] . With the appropriate size of its interactions, 
natural values of its mass around the TeV scale and annihilation cross-section into the SM 
particles, the observed cosmological abundance is suitably accounted for by the WIMP relic 
density 3|, |4|. This weak-scale annihilation cross-section, when reversed, properly suggests a 
weak-scale production cross-section at colliders, and, when viewed in the t-channel, implies 
an elastic scattering cross-section on nuclei is within reach of purpose-built underground 
detectors. In recent years, experiments of the latter type have reached an impressive level 



of sensitivity 



6|, and significant future progress in this direction is anticipated. 



While dark matter is usually assumed to have one and only one particle candidate, a 
possibility of multiply coexisting dark matter particles has been recently explored |7|] (There 
has been an attempt to demonstrate the total amount of dark matter with a composition 
of keV sterile neutrinos and a generic CDM [8].) The simplest generic scenario of the 
multi-particle dark matter is to have coexisting two particles as dark matter candidates by 
imposing discrete symmetry Z 2 x Z' 2 in the Lagrangian. As discussed in Ref. [7|, the scenario 
can be naturally realized in the minimal supersymmetric Standard Model. One of virtues 
of such a scenario is that severe constraints on the model parameter space can be relaxed 
due to the presence of the second dark matter particle. 

Recently, we proposed a model to accommodate low scale leptogenesis, tiny neutrino 



masses and the existence of dark matter 



9J. Our aim has been accomplished by introducing 



new gauge singlet neutrinos and a singlet scalar boson on top of the SM particles and the 



right handed singlet Majorana neutrinos [lOj. Imposing discrete Z 2 symmetry in the model, 
either the newly introduced singlet neutrino or the singlet scalar boson could be a dark 
matter candidate depending on their mass spectrum under the assumption that dark matter 
is one and only one particle candidate as usual [111 . Il2l LL3J . Motivated by the work [7| , in 



this paper, we examine if the new singlet neutrino and the singlet scalar boson in the model 
can be coexisting two-particle dark matter (2DM) candidates abandoning the assumption 
on only one dark matter. In fact, as discussed in [9|], when the new singlet neutrino in the 
model we proposed is the only one dark matter candidate, the co-annihilation process [lJ] 
is responsible for the relic abundance required for dark matter and the allowed parameter 
space for achieving the right amount of the relic abundance has been determined to be very 
narrow. Thus, it would be interesting to investigate whether the 2DM scenario realized 
in our model can make the allowed parameter space relaxed or not. In this scenario, we 
introduce new renoramlizable interaction terms with a new heavy singlet scalar particle $ 
so as for previously introduced S and <fi to be doubly coexisting dark matter candidates. 
As will be discussed later, the important point deserved to notice is that such scenario may 
open up a new annihilation process of the heavier dark matters into the lighter ones, which 
dominantly contributes to the relic abundance and thus plays a crucial role in making the 
allowed parameter space relaxed. 

This paper is organized as follows: In Section II, we show how the scenario of coexisting 
2DM candidates can be realized in the model we previously proposed. To achieve our goal, 
we introduce new renormalizable interaction terms among the SM Higgs boson, the heavy 
singlet scalar, the singlet neutrino and the singlet scalar boson in the Lagrangian. In Section 
III, we investigate the relic abundance and present the allowed regions of the parameter space 
for the possible coexisting 2DM candidates. In Section IV, we discuss about dark matter 
detection through the scattering off the nucleus of the detecting material. In Section V, we 
study how we can probe the coexisting 2DM candidates through the search for the Higgs 
decay at collider experiment, particularly at LHC. 

II. COEXISTING TWO-PARTICLE DARK MATTER CANDIDATES 



To accommodate low scale lepto. 
we proposed in the previous work 



jenesis, tiny neutrino masses and dark matter, the model 
}} is described by the following Lagrangian, 



£ Rcf . [9] = £ SM + {YdvHN + Y s N0S + h.c.) + M R N T N - m s oS T S 

+ i(^) 2 -imJ o 2 -^0 4 -AFt^ 2 , (i) 



where the first term is the Lagrangian of the SM and u, N, S stand for SU(2)l doublet, 
right-handed singlet and singlet Majorana neutrinos, respectively. H and <fi denote the 
SU(2) L doublet and singlet scalar fields. As discussed in [9|, the newly introduced neutral 
particle, either singlet Majorana neutrino or singlet scalar boson, can be a candidate for 
dark matter, provided that one imposes Z 2 symmetry under which S and are odd and all 
other particles even. In this model, low scale leptogenesis of order 1-10 TeV can be achieved 
when we take, for example, Yd ~ 10 -6 and Ys ~ 10~ 3 [lOj. Due to such small Yukawa 
couplings , the cross section for the annihilation of S into a pair of is too small, so that the 
coannihilation processes are compulsory to achieve the right amount of the relic abundance, 



k 



which in turn lead to a bit tight constraints on the parameter space 

Now, let us extend the model described by the Lagrangian Eq. ([T]) so that the scenario 
of the coexisting 2DM can be realized. In order to guarantee the stability of the 2DM 
candidates, we first impose the discrete symmetry Z 2 x Z' 2 under which all the SM particles 
are (+,+), singlet neutrino S is ~ (— , +) and the singlet scalar boson is ~ (+,—). In 
addition to the Lagrangian Eq. (TJQ), we introduce new renormalizable terms given by 

C = £ R cf. [ 9 ] + Y 9 SQS + hn%orfH - ^-H^HH^H + ^m| $ 2 

_ ^$4 _ As 02 $2 _ x 4 H^H<5> 2 , (2) 

where $ is the SM-like (+,+) heavy singlet scalar particle, whose mass is assumed to be 
larger than those of <fi and S. Here, we demand that the minimum of the scalar potential 
is bounded from below so as to guarantee the existence of vacuum and the minimum of the 
scalar potential must spontaneously break the electroweak gauge group, < H° >, < $ >^ 0, 
but must not break Z 2 x Z 2 symmetry imposed above. After spontaneous symmetry breaking, 
the part of the scalar potential is given by 

V = \m\<? - \mltf - l -m%& + 2\ A v h v^ + ^0 4 + \ h h* + ^ 
III 4 4 lb 

+ ^$ 4 + A 2 ^$ 3 + ^(f) 2 h 2 + \v h <f) 2 + A 3 2 $ 2 + 2A 3 ^$0 2 

+ — h 2 ® 2 + \ A v$h 2 $ + \ 4 v h $ 2 + h.c, (3) 



where 



m l = m l» + Xv l + 2A 3 v| 

2 2 " \ 2 \2 

m h = ^H ~ l X ± V h ~ A 4^ 
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m^ - 3A 2 % - Kv h (4) 



Here, we have adopted \f2H T = (h, 0) and shifted the Higgs boson h and the singlet scalar 
$ by h — > /i + f ft and $ — > $ + v$, respectively. The relevant size of v$ in this work is of 
order 1 TeV. Since there exists a mixing mass term between h and $, we rotate them with 
$ = —sh' + c$' and h = chl + s$', where s and c are sin 9 and cos 8, respectively. Then, the 
effective potential is written as 

V eff = ^0 2 + ^// 2 + ^$' 2 + ^h'V 

+ i(Ac 2 + 2A 3S 2 )0 2 // 2 + (^ 2 + A 3 c 2 )0 2 $' 2 

+ (^ + ^cV + ±s*)h" + (^ + ^cV + ^ 4 )$' 4 , (5) 

where 

K\ = A 4 Cs(cf$ + SVh) H C 3 Vh + A 2 v$s 3 

k 2 = A 2 c 3 t>$ — A 4 cs(cf/ l — su$) — ^ _s3 ' y /i 

a = —XvhS + 2X 3 vq,c 

3 
/3 = A4[f$c 3 — fftS 3 + 2sc(sv$ — cvh)} + cs[— -\\VhC + 3A 2 t>$s] 

7 = 2A 3 mj, + Aw/jC. (6) 

On the other hand, the Lagrangian containing the field S becomes, 

C s = -m s S T S + {sY iS> )h'S T S + {cY^'S T S, (7) 

where ms — { m s° ~ Y$v$) is the physical mass of S. 

For our purpose, in this work, we keep the new coupling constants Y$, Aj^i,..^) to be non- 
zero. For rris > m^, we see from the interaction terms in Eqs. (OE]) that the singlet neutrino 
S can annihilate into 00 and hh, in addition to the ordinary particles. The produced scalar 
field from the annihilation of 5 decays into the SM particles. The annihilation process, 



SS — > 00, is of particular interest because the annihilation cross section for this process can 
be so large that S could predominantly annihilate into 00, resulting in a much smaller relic 
abundance, thereby relaxing the constraints on its parameter space as expected. In fact, the 
annihilation of S into 00 also occurs in the scenario with only one dark matter candidate 
proposed in [9J, but its contribution to the relic abundance can not work because both S 
and are odd particles under Z2 symmetry. Thus, the enhancement of the annihilation rate 
for the process SS — ► 00 is a distinctive feature of the 2DM scenario. For m$ > ms, the 
conclusions are mostly the same if we switch S and 0. 

III. RELIC ABUNDANCE IN TWO-PARTICLE DARK MATTER SCENARIO 

Assuming the coexistence of two dark matter candidates, the relic abundance observed 
must be composed of the contributions of both S and as follows, 

tt s h 2 + %h 2 = ttcDMh 2 = 0.110 ± 0.006. (8) 

The relic density of each dark matter species is approximately given by 

Vtih 2 « (O.lpfc)/ < (TV >i (z = S, 0), 

where < av >i is the thermally averaged product of its annihilation cross section with its 

velocity. For our convenience, we define the parameter e$ as a ratio of fiih 2 to flcDwih 2 , 

Vth 2 

(9) 
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where eg + £$ — 1. In fact, the parameter £j represents the fraction of the mass density of 
each dark matter species in our local dark-matter halo as well as in the Universe. Since the 
values of e« are unknown, we consider a few cases by choosing their values in the analysis. 

To calculate Qih 2 , the input parameters to be fixed are the SM Higgs mass m^ and 
masses of ms, m^ and 771$, the vacuum expectation values Vh and v$, mixing angle 9 and 
the coupling constants Y$, A, At^i,...^). First of all, varying the two parameters Y$ and 
iris while fixing all others, we calculate each Vtih 2 with the help of the micrOMEGAs 2.0.7 
program [15J, and then pick up the parameter space Y$ and ms resulting in the chosen value 
of eg. 

In Fig. 1, we present the correlations between Y$ and ms for (a) m^ = 350 GeV and 
e s = 0.8, (b) m = 74 GeV and e s = 0.8, (c) m = 250 GeV and e s = 0.9, (d) m = 74 GeV 
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FIG. 1: Plots of Y$ as a function of ms for S7cdm^ 2 = 0.110. We take mh = 200 GeV. The panels 
correspond to (a) m<f, = 350 GeV, es = 0.8, e^ = 0.2, (b) m^ = 74 GeV, es = 0.8, e^ = 0.2, (c) 
m^ = 250 GeV, e s = 0.9, e^ = 0.1, (d) m^ = 74 GeV, e s = 0.9, e^ = 0.1. The dashed (solid) lines 
correspond to A3 = 0.05 (0.20). 



and e s = 0.9. The solid and dashed lines correspond to A3 = 0.20, A3 = 0.05, respectively. 
Here, we take the value of flcDwih 2 to be 0.110, and the input values of the other parameters 
are given by m h = 200 GeV, m* = 1 TeV, Ai = 1.0, A 2 = 0.42, A 4 = -0.23, v h = 576 GeV, 
v® = 1.6 TeV and tan# = 0.2. For the regime m^ < ms, the relic abundance of the field 
S depends on the annihilation of S into the singlet scalar and the SM particles whose 
annihilation cross sections contain the couplings A, Aj^i,...^), Y# as well as the SM Yukawa 
couplings. In this case, the abundance of the singlet scalar field depends mainly on the 
annihilation processes of <fi into the SM particles whose annihilation cross section contains 
the coupling A, A3 and the SM Yukawa couplings. Thus, the value of A is determined from the 
chosen values of e<j, and A3. Once A is fixed in this way, we can obtain the correlation between 
Y$ and ms for a fixed value of A3 as presented in Fig. 1 by fitting to the chosen value of es- 
On the other hand, for the regime ms < m^, the relic abundance of S depends mainly on 
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FIG. 2: Plots of A as a function of m^ for ilcDM^ 2 = 0.110. We take m^ = 200 GeV The panels 
correspond to (a) ms = 110 GeV, es = 0.5, e^ = 0.5, (b) ms = 90 GeV, es = 0.5, e^ = 0.5, (c) 
m s = 110 GeV, e s = 0.9, e+ = 0.1 and (d) m s = 90 GeV, e s = 0.9, e = 0.1. The dashed (solid) 
lines represent A 3 = 0.0004 (0.0500). 



the annihilation process of S into the SM particles whose annihilation cross sections contain 
the coupling Y$ and the SM Yukawa couplings. Thus, the value of Y$ as a function of ms 
is determined from the chosen value of Es irrespective of the value of A3. We see from Fig. 
1 that the region mj < m^ is not allowed in the case of A3 = 0.2. This is because the rate 
of the annihilation of into SS becomes large for ms < m^ and large value of A3, which 
makes e$ lower for achieving the required relic abundance. 

In Fig. 2, we present the correlation between A and m<f, for flcDwih 2 = 0.110 and (a) 
m s = 110 GeV and e s = 0.5, (b) m s = 90 GeV and e s = 0.5, (c) m s = 110 GeV and 
es = 0.9, and (d) ms = 90 GeV and es = 0.9. The solid (dashed) lines correspond to 
A 3 = 0.0500 (0.0004). The values of the input parameters m h , m$, Vh, f$, 9, Xi, A 2 , A 4 are the 
same as those in Fig. 1. For the regime ms < m^, the relic abundance of the field <fi depends 
on the annihilation of into the singlet fermion S and the SM particles whose annihilation 



cross sections contain the couplings A, Aj(j=i : ... : 4), Y$ as well as the SM Yukawa couplings. In 
this case, the abundance of the singlet neutrino S depends on the annihilation processes of S 
into the SM particles whose annihilation cross section contains the coupling Y$ and the SM 
Yukawa couplings. Thus, the value of Y$ is first determined from a chosen value of e$, and 
then we obtain the correlation between A and m^ for a fixed value of A3, as presented in Fig. 
2 by fitting to the chosen value of e^. As one can see from Fig. 2, there exist two disconnected 
regions of m^, in each panels for A3 = 0.05: one is around 2m^ ~ rrih corresponding to the SM 
higgs resonance region, and the other is around 1m^ ~ m$ corresponding to the $ resonance 
region, both of which are not allowed. On the other hand, for the regime m^ < mj, the 
relic abundance of <fi depends on the annihilation process of into the SM particles whose 
annihilation cross section contains the coupling A, A3 and the SM Yukawa couplings. Thus, 
the value of A as a function of m^ is determined from the chosen values of e^ and A3. 

IV. IMPLICATION FOR DARK MATTER SEARCH 

To directly detect dark matter, typically proposed method is to detect the scattering of 
dark matter off the nucleus of the detecting material. Since the scattering cross section 
is expected to be very small, the energy deposited by a candidate for dark matter on the 
detector nucleus is also very small. In order to measure this small recoil energy, typically 
of order keV, of the nucleus, a very low threshold detector condition is required. Since the 
sensitivity of detectors to a dark matter candidate is controlled by their elastic scattering 
cross section with nucleus, it is instructive to examine how large the size of the elastic cross 
section could be. First, to estimate the elastic cross section with nucleus, we need to know 
the relevant matrix element for slowly moving spin-J nuclei, which is approximately given 
Qby 

— X —- Y I < n'\Yy f ff\n > | 2 ~ j£f (10) 

spins f 

where n denotes nucleons and \A n \ is determined to be 

190 MeV 

A* = g hnn - — (11) 



by following the method given in [13( and taking the strange quark mass to be 95 MeV and 
< n\ss\n >~ 0.7. 



Now, let us estimate the sizes of the elastic scattering cross sections in the scenario of 
the coexisting 2DM candidates, S and <p. The Feynman diagrams relevant to dark matter- 
nucleon scattering are presented in Fig. 3. The non-relativistic elastic scattering cross 
section for the singlet neutrino S'-nucleon elastic scattering is given by 

{Yss) 2 \An\ 2 (ml\ , . 

°s « [— 1, (12) 

where m* = msm n /(ms + m n ) is the reduced mass for the collision. Substituting Eq. (ITTj) 
into Eq. (Tl2i) . as (nucleon) becomes 

ffs (.mcleo n ) K l(^ X 2 190MeV ') 2 ('"''"M 2 , (13) 

where the mass of m p is a mass of proton. 

In the case of scalar 0-nucleon elastic scattering, the non-relativistic elastic scattering 
cross section for is given by 

12 , ™2 



(Xv h c + 2\ 3 sv< s ,) 2 \A n r / in: 



4vr ^rnlmp 1 



(14) 



where m* = m$m n l {rn$ + m n ) is the reduced mass for the collision. Substituting (iTTj) into 
Eq. (JHJ), cr^ (nucleon) becomes 



a,(nucleon) « f ^^" ^f ' ^L . (15) 



1 /(Aw /l c + 2A 3 s^)190MeV\2/ m p n-' 
47rV m^ EW / \m p + m0- 

So far most experimental limits of the direct detection are given in terms of the scattering 
cross section per nucleon under the assumption that there exists only one dark matter 

Y$S _ \Vh,C+2\3SV$> 

CD t CD 



h 



h 



n^»-0^— n n^^<>^— n 

Qhnn Qhnn 

(a) (b) 

FIG. 3: Feynman diagrams relevant to (a) 5-nucleon elastic scattering and (b) ^-nucleon elastic 
scattering. 
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FIG. 4: Plots of the elastic cross section o e \ as a function of ms for m,h = 200 GeV with £5 = 0.8, 
e = 0.2 and (a-b) m^ = 350 (74) GeV; with e s = 0.9, e^ = 0.1 and (c-d) m = 250 (74) GeV. 
We present that the spin-independent_WIMP-nucleon cross section upper limits (90% C.L.) by 
XENON10 Dark Matter Experiment [l6| and CDMS experiment [17]]. In addition the expected 
reach of SuperCDMS collaboration [6J is presented. 

candidate. In the scenario of 2DM, the cross section for the WIMP-nucleon elastic scattering 
a e i is composed of the cross sections as and a^ [7J ; 



O'el £s e <t> 

— = cr s + -^(Jtp, 

m m s m^ 



(16) 



where rriQ is the WIMP mass. Without loss of generality, we choose the singlet neutrino S 
to be WIMP. In Fig. 4, we plot the predictions for a e i as a function of ms for m^ = 200 
GeV in the cases of (a) es = 0.8, e^ = 0.2, m^ = 350 GeV, (b) e s = 0.8, e^ = 0.2, m^ = 74 
GeV, (c) e s = 0.9, e = 0.1, m^ = 250 GeV, (d) e s = 0.9, e = 0.1, m = 74 GeV. 

On calculating a e i, we have used the correlation between Y$ and ms obtained in Fig. 1 
corresponding to Q — 0.110. Here, we also plot the curves for the new 90% C.L. upper 
bounds on the WIMP-nucleon spin-independent cross section as a function of WIMP mass 
obtained from XENON10 Dark Matter Experiment 16| and CDMS experiment 17]. In 
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addition we present the expected reach of SuperCDMS collaboration 6]. While the current 
upper bounds on the spin-independent WIMP-nucleon cross sections by XENON10 and 
CDMS Dark Matter Experiments are not so strong to constrain the parameter space of the 
model, the expected reach of SuperCDMS experiment would at least strongly constrain it. 

V. IMPLICATION FOR HIGGS SEARCHES IN COLLIDER EXPERIMENTS 

Now we investigate the implications of our new scenario for Higgs searches in collider 
experiments. The singlet scalar boson and singlet fermion S will not directly couple to 
ordinary matters, but only to the SM Higgs fields among the SM particles. Therefore, 
although the presence of the singlet particles will not affect electroweak phenomenology in 



a significant way, they will affect the phenomeno 



19 



ogy of the Higgs boson. In the scenario 



of only one dark matter candidate proposed in [9j, the only possible channel to probe the 
scenario through the Higgs search is the invisible decay of the Higgs boson into 00 . However, 
in the scenario of 2DM, the decay mode h — > SS is also allowed due to new interaction terms 
[181 ]. The real Higgs boson can decay into a pair of singlet scalars if 2m , < rrih, whereas it 
can decay into a pair of singlet neutrinos S if 2ms < m 'h ■ The invisible Higgs decay widths 
are given at tree level by 

IW = ^- (1 - -^r) (for 2m, < mh ), (17) 



and rWs = l'*^'"* (i_ ^ ( for 2 m s < m h ). (18) 



(Y ^s) 2 m h / 4m|\3/2 
8tc V ml / 

If the Higgs boson mass m^ is smaller than 2-m^s), then the singlet particles can not be 
produced by real Higgs decays, but arise only via virtual Higgs exchange. We notice that 
since any produced singlet particles are not expected to interact inside the collider, they 
only give rise to strong missing energy signals. 

To quantify the signals for the invisible decay of the Higgs boson, we investigate the ratio 



R defined as follows 131 ] : 



d _ Bh^W+W-,ZZ,bb,cc,fT\SM + 0, Sj _ I\ tota ;(SM) 

B h ^ w+W - i zz,56,cc,fT(SM) Fh-*4><j>(ss) +I\totaj(SM) 

The ratio R indicates how the expected signal for the visible decay of the Higgs boson can 
decrease due to the existence of the singlet scalar field and/or neutrino S. For 2m, > m^, 
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n=0.110, e s =0-9, £0=0-1 

7i ft =200 GeV, m<i,=l TeV, v,, = 576 GcV, m,=1.6 TeV 

A, =1.00, A 2 =0.42, A 3 =0.05, A 4 = -0.23, tanS=0.2 



mj,=140GeV 



11=0.110, e s =0.9, f^=0.1 

m,,=130 GeV, »> (I) =510 GcV, v h = 455 GeV, v 4> = l TeV 

A, =0.51, A 2 =0.25, A 3 =0.05, A 4 =- 0.11, tanfl=0.2 



FIG. 5: Plots of the ratio R as a function of ms for our new model with il/i 2 = 0.110 for (a) ss = 1, 
£0 = 0, rrih = 200 GeV and (b) £5 = 0.9, e^ = 0.1, rrih = 130 GeV. The upper curves correspond 
to m^ = (a) 120 GeV and (b) 90 GeV. The lower curves correspond to m^, = (a) 90 GeV and (b) 
58 GeV. 



the decay mode h 



R 



is forbidden, so the ratio R defined in Eq. (fT9j) becomes 

r MoiaZ (sivi) 



1 



T h ,total(SM) 



r h ^ ss + r httotal (SM) 

On the other hand, for 2m$ < rrih, the decay mode h 



(2m s > m h ) 

(2m s < m h ) . (20) 

-> 66 is allowed, so the ratio R is 



given by 



R 



hlotal 



(SM) 



^h-*<f>4> + r\ tota ;,(SM) 

r hM ai(SM) 



(2m s > m h ) 
(2m s < m h ) 



(21) 



In Fig. 5, we present the ratio R as a function of rris for the cases (a) m<p = 250 (74) GeV 
and m h = 200 GeV, (b) m^ = 140 (56) GeV and m h = 130 GeV, which would be probed 
right after LHC starts to run. The the upper and the lower curves in each panels of Fig. 
5 correspond to rrih < 2m^, and rrih > 2rn<f>, respectively. To estimate the ratio R, we need 
to specify some of unknown parameters: Qh 2 = 0.110 with A3 = 0.05, 63 = 0.9, £$ = 0.1. 
The upper limit of rris = 100 (65) GeV, as shown in Fig. 5, is adopted from the condition 
2m s < rrih. Note that the upper curves corresponding to a case for 2m^ > rrih indicate that 
the scenario of 2DM can be probed via the ratio R through the missing energy signal only for 
m s < m h /2, i.e. (a) 77 GeV <m s < 100 GeV and (b) 55 GeV < m s < 65 GeV. The lower 
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curves corresponding to a case for 1m$ < rrih show that the ratio R is less than ~ 0.5 in (a) 
and ~ 0.07 in (b) for all possible values of mj. The reason why the value R is saturated by 
0.5 in (a) and 0.07 in (b) (even for 2ms > m h) is that the decay mode h — > <fxp dominates 
over the decay mode h — ► SS in this case (See Eq. (21)). The lower curve indicates that we 
can rather easily probe the 2DM scenario by measuring the ratio R as long as 2m^ < m^. 

VI. CONCLUSION 

We have examined how the scenario of coexisting two-particle dark mater can be realized 
in the extended seesaw model, which has been previously proposed to accommodate small 
neutrino masses and low scale leptogenesis. In this scenario, we impose the discrete 
symmetry Z2 x Z' 2 and introduce new renormalizable interaction terms containing the 
heavy singlet scalar particle $ so as for singlet Majorana neutrino S and singlet scalar <fi 
to be the coexisting two dark matter candidates. Depending on the mass spectrum of the 
two dark matter candidates, the annihilation processes either SS — ► (fxf) or (fxfi — > SS 
is of particular interest because the annihilation cross sections for the processes can be so 
large that the relic abundance of decaying particle should get lowered, which in turn makes 
the constraints on its parameter space relaxed, compared with the case of one and only 
one dark matter candidate. We have also discussed the implications of the dark matter 
detection through the scattering off the nucleus of the detecting material on our scenarios 
for dark matter candidate. Our results show that the expected reach of SuperCDMS could 
detect a signal for dark matter or at least strongly constrain the parameter space, while 
the recent result of XENON10 Dark Matter experiment does not so. In addition, we have 
studied the implications for the search of invisible Higgs decay at LHC which may serve 
as a probe of our scenarios for dark matter. In particular, we have found that there is a 
chance to easily probe the 2DM scenario by measuring the ratio R as long as 2m^ < m^. 
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